The use of radiotracers allows the understanding of the bioavailability process, biodistribution, and kinetics of any molecule labelled with an isotope, which does not alter the molecule's biological properties. In this work, technetium-99m and iodine-125 were chosen as radiotracers for biodistribution studies in mice using bee (Apis mellifera) venom and a toxin (PnTX2-6) from the Brazilian "armed" spider (Phoneutria nigriventer) venom. Incorporated radioactivity was measured in the blood, brain, heart, lung, liver, kidney, adrenal gland, spleen, stomach, testicle, intestine, muscle, and thyroid gland. Results provided the blood kinetic parameter, and different organs distribution rates.
INTRODUCTION
The advantages of using radiotracers are widely acknowledged in medicine, both for diagnosis and therapy. Though radiotracers allow an important approach to understand the bioavailability process, biodistribution, and kinetics of any toxin, their use in animal venom researches has been very scanty.
Animal venoms and mainly the isolated toxins have been important tools in biochemical, physiological, and pathological studies, as well as in the development of new drugs. Their biological activities are selective, specific, and very often present synergetic action. Animal venoms share basic features, such as being complex mixture of proteins and peptides with great structural diversity.
In this work, there are two assays with different radiotracers: technetium-99m and iodine-125. They were chosen as radiotracers for biodistribution studies of a complex mixture (bee venom) and an isolated peptide (PnTX2-6 toxin) in mice. These toxins have very different chemical characteristics, such as presenting low molecular weight components with high toxicity. They are also of clinical interest due to the high frequency of severe accidents involving human beings (1, 3) .
The aim of this study is to show the feasibility of assays with radiotracers and learn more about transport mechanism, compartments involved, and residence time in sites of action for the toxin and venom chosen.
MATERIAL AND METHODS
Apis mellifera (Hymenoptera, Apidae) venom in high degree of purity was supplied by the Center for the Studies of Social Insects (CEIS -UNESP, Rio Claro, São Paulo State, Brazil), and Phoneutria nigriventer venom was obtained from Butantan Institute (São Paulo, Brazil). Both were collected by the electric shock method, then frozen and lyophilized. and 125 µL of venom solution (2 mg/mL in saline). After the reaction, volume was increased with saline solution in order to carry out the biodistribution studies in animal models.
PnTX2-6 toxin labelling with Na 125 I
For the isolated peptide labelling, a method that uses chloramine T under mild conditions and low temperature was chosen (4). The reaction mixture was fractionated in gel filtration to separate the radioiodinated toxin from free iodine-125 and other contaminants.
Tracers control
In order to evaluate the 99m Tc-labelled compounds radiochemical purity, the analyses were conducted in HPLC, with TOSO HAAS, TSK-G2000 column, using linear gradient of water-acetonitrile-phosphoric acid 85% (500:1:1). For 125 I-toxin, an additional control with measurement of iodine-125 in all the injected mice thyroid gland was carried out.
Kinetic assay and bioavailability
For the kinetic assay and bioavailability, adult Balb/C male mice were used. In the biodistribution analysis, radiotracer concentration in each organ was expressed as the percentage of injected tracers per mass unit of tissue (%D/g). Kinetic behaviour was estimated by using a graph of the mean %D/g versus time (logxlog).
Blood analysis was performed by plotting the radioactivity measured in the collected samples versus time (cpm/50 µL for 125 I-PnTX2-6 toxin and cpm/mL for 99m Tc-bee venom). Data were fitted to exponential decay models (one or two compartments).
This adjustment uses the conventional compartments model and allows the access to information about distribution, metabolism, and elimination.
Statistical analysis and calculations were carried out with Microsoft Excel and
GraphPad Prism softwares.
RESULTS
Technetium-99m incorporation and radioiodination procedure yields were adequate.
The chromatographic analysis demonstrated that unbound radioisotope decreased to less than 3% in both cases after purification (removal of unreacted radioisotope). This percentage was insignificant and is reflected by the low initial thyroid gland uptake in mice injected with radioiodinated PnTX2-6 toxin. This gland actively uptakes free iodine, being a good indicator of this preparation radiochemical purity, mainly at the initial time. The thyroid gland graph shows that free iodine-125 uptake was only observed after 30 minutes, suggesting that it would be the degradation product of toxin metabolism.
In the Tables and Figures, Table 1 . Analysis of the data obtained from the blood and the kinetic parameter calculated suggest a two-compartmental model -a central and a peripheral compartment.
There are many organs in the peripheral compartment that interact with the toxin; so it is not possible to indicate only one target. No significant difference was found in the final phase of the curves for organs with similar biologic half-life. Figure 2 and Table 2 show the 99m Tc-bee venom results. The experimental data could not be fitted to the one or two-compartmental models and only a plotted curve was proposed. I-PnTX2-6 toxin kinetic behaviour in different organs over 24 hours after intravenous administration. Data were expressed as the percentage of total dose (%D) injected per tissue weight (g) or 50 µL of blood sample versus time. Blood sample data were adjusted by two phases: exponential decay or open two-compartmental model (C t = A.e -αt + B.e -βt ). B is the intercept of the back-extrapolated monoexponential elimination slope β with the ordinate; A is the intercept of the distribution slope α with the ordinate (27,890 and 12,780 cpm/50µL); α and β are the absorption and elimination hybrid constants, respectively (9.242 and 0.1873). Blood curves were plotted with experimental points. Technetium-99m radioisotope label was chosen for this pharmacokinetic study with bee venom due to its favourable radiation characteristics, possibility of labelling all bee venom components, easy availability, and low costs.
Iodine-125 has been indicated for innumerous applications due to its easy, simple and safe radioiodination system, labelled product stability, and detection facility (2).
However, radioiodination shows some limitations for labelling reaction with mixtures and small molecules. Iodine-125 binding in molecules occurs in the tyrosine amino acid (and in some special conditions, in the histidine or tryptophan). These amino acids are present in the primary structure of PnTX2-6, but they did not appear in all the bee venom components.
In some cases, this radioisotope size causes some important structure alterations or active site blockade with loss of biological activity. So, it must be checked if the radiotracer maintains the native toxin properties in control tests.
The obtained radiotracers yield and radiochemical purity analyses were all adequate, giving warranty for biodistribution assays.
The first study was done with purified PnTX2-6 toxin obtained from Phoneutria nigriventer venom. This spider is responsible for a great number of arachnid accidents in Brazil (3), which can be very severe in aged men and children. Its venom caused intense pain, salivation, dyspnea, vomit, and priapism when subletal doses were administered in male dogs. Various toxins were identified in this venom (7), and PnTX2-6 has been completely sequenced. It has 5,290 Daltons and specific activity at sodium channels (8) .
125 I-PnTX2-6 biodistribution analysis suggested that the major percentage of the labelled toxin uptake occurred in the kidneys, and indicated that it is practically eliminated by the renal excretion. Organs with larger vascularization, in an increasing order, are the lung, spleen, heart, and liver. The lung is a critical organ because respiratory distress and possible pulmonary oedema are serious symptoms observed in patients. The heart may be a target organ for this toxin since cardiac alterations were observed in experimental assays and patients (5).
In heart muscle cells, high intracellular sodium concentration promotes calcium release from the sarcoplasmatic reticulum. An abrupt rise in the cytosolic calcium can trigger rapid concentration mechanism and produce characteristic ultrastructural damage in the cardiac and skeletal muscle fibbers of amphibians and mammals (9) .
Presence of toxin in the liver suggests hepatic metabolism. A rapid brain uptake within 0.083 hours after the injection indicated that the tracer had an efficient passage through the intact blood-brain barrier. One part (non-specific binding and free ligands) of the radioactivity was washed out from the brain about 1 hour after the injection, while the remainder fraction (specific binding) was retained for a long time (about 20-25% of the brain accumulated radioactivity). This binding proved to be efficient in the brain, and remained metabolically stable at the binding sites for a sufficient long period. It also remained stable for a longer period in the testicles and muscles, but at low concentrations.
In the muscle, this fact is probably related to myonecrosis by a direct action on the sarcolemma, which first changes its permeability to sodium ions and promotes osmotic-like alterations (muscle cell vacuolation); and by a secondary indirect action, in which membrane disruption occurs as a response to the intracellular pressure and cell volume uncontrolled increase due to sodium and calcium ions influxes (9).
The second sample analysed was Apis mellifera venom. It is a complex mixture of biogenic amines, peptides, and enzymes. All its components have synergetic action leading to local, humoral, and systemic effects (1). Men have been victims of attacks by bees, which use venom to protect their colonies from intruders. Depending on the victim immunological sensitivity and number of stings, anaphylaxis or other pathological effects can occur. Therefore, it is interesting to know more details about the venom activity duration, distribution, and retention in animal models, particularly regarding to the biological effects observed in its victims.
Analysis of the data obtained from Apis mellifera venom demonstrated that the kidneys and liver showed higher radiotracer concentration in all periods of time, while spleen, heart, and brain presented the lowest quantities. The quantities found in the liver suggest that a hepatic metabolism may have happened. The quantity detected in the skeletal muscle confirms this tissue selectivity for bee venom, and that induced mionecrosis can be related to PLA 2 and melitin action (1). The venom radioactivity profile detected in the kidneys over 24 hours suggests that they may excrete the toxin or some of its metabolites. It was expected that the kidneys would be the main elimination route, but the amount excreted by feces showed to be more important. This fact may be caused by the venom nefrotoxicity. Therefore, any venom compound could have hepatic and renal metabolism.
Reabsorption was observed in both assays: with 125 I-PnTX2-6 toxin and with 99m Tcbee venom. Radioactivity concentration increase in diverse organs occurred just after the increase in the blood stream and decrease in the stomach and intestine, which suggests that these organs could be included in transcellular reservoirs. According to Mattiello-Sverzuta et. al. (9) , there is a mechanism of slow gastric release caused by spider venom intravenous injection, so the stomach may be a target organ for the PnTX2-6 toxin. There is no similar data for bee venom.
After clearance of the non-specific and free ligands from the whole organs analysed, the internalised radioactive molecule demonstrated to have similar slope in fitting curves with very long residence time for both, 125 I-PnTX2-6 toxin and 99m Tc-bee venom.
CONCLUSION
Biodistribution study conducted with radiotracers can be successfully used in animal venom and toxin studies. This method is sensitive, accurate, and simple to be applied.
It allowed in vivo observations of the Apis mellifera venom and PnTX2-6 toxin (isolated from Phoneutria nigriventer venom) behaviour.
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